The objectives of this experiment were to assess effects of animal age and castration on activities of calpain 1, calpain II, and calpastatin in sheep skeletal muscle. Ten newborn male lambs (2.9 kg), six weaned wethers (23.2 kg), six weaned rams (22.2 kg), six market wethers (55.4 kg), and six market rams (60.2 kg) were slaughtered and samples of biceps femoris were taken for assay of calpain I (micromolar calcium-dependent proteinase), calpain Il (millimolar calcium-dependent proteinase), and calpastatin. &weaning weight gain was similar for rams and wethers; however, postweaning ram growth exceeded (P < .05) that of wethers. Ram biceps femoris weights at market were greater than those of wethers (P < .05). Irrespective of age or gender, activity of calpain 11 was two-to threefold greater than that of calpain I. Muscle calpastatin activity was severalfold higher than calpain I and II activities. Activities of calpains and calpastatin declined (P < .05) between birth and weaning. A portion of these losses were due to a dilution effect caused by accumulation of muscle proteins. Neonatal attenuation of calpain activities may underlie agerelated attenuation of fractional rates of muscle protein degradation. Although ram muscle growth exceeded that of wethers, no differences (P > .05) in activities of muscle calpains or calpastatin were detected between these two groups at weaning or at market weight. Hence, castration did not influence lamb muscle growth by altering muscle calpain or calpastatin activities.
underlying agedepdent changes in muscle protein degradation have not been characterized.
Calpains (EC 3.4.22.17) have been identified as potential initiators of myofibrillar protein degradation payton et al., 1976 ,1981 Gall et al., 1989) . Therefore, changes in calpain activities may account for the rapid attenuation of protein degradation in the neonate. Our first objective was to examine effects of lamb age on activities of muscle calpain I, calpain II, and calpastatin to gain insight into mechanisms underlying the a g e dependent attenuation of myofibrillar protein &gradation.
Postweaning gain and muscle growth of intact males exceed that of castrates (Arnold and Meyer, 1988) . Androgens enhance muscle growth, in part, by reducing muscle protein EDTA, 10 mM p-mercaptoethanol @ME), and 150 nM pepstatin A. The homogenate was centrifuged at 10,OOO x g for 30 min at 4'C.
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To the supernatant 20 pl of 1 mM leupeptin, .6 ml of 5 M NaCl, 1 ml of phenyl-Sepharose CL4B7 @rewashed with Buffer A; 20 mM Tris-Ha, pH 7.5, .1 mM CaCl2,lO mM PME, 20 pM leupeptin), and .25 M NaCl were added. This mixture was agitated for 5 min, after which .4 ml of .1 M CaCl2 was added, followed by 10 min of agitation. This suspension was poured onto a .8cm x 4-cm plastic column8 and washed successively with 2 ml each of Buffer A containing .25 M NaCl, Buffer A alone, then Buffer A without leupeptin. Calpain II was eluted with 4 ml of Buffer B (20 mM Tris-HC1; pH 7.5; 1 mM EGTA, 10 mM PME) supplemented with .1 M NaCl. Afterward the column was washed with 2 ml of Buffer B. Calpain I was eluted with 4 ml of Buffer B. All the above procedures were carried out at 4'c.
C a l r activities were measured using casein as a substrate. The reaction mixture contained 2 mM CaC12 (final concentration), 3 %/A = Not applicable.
ml of column eluant, and 1 ml of casein solution (8 mg casein/ml in 20 mM Tris-HC1, pH 7.5; 10 mM PME). Control samples contained 2 mM EDTA, which replaced CaC12. After incubating at 25'C for 30 min, 1 ml of 36% (wt/vol) trichloroacetic acid (TCA) was added. The TCA-soluble digested products were measured by the dye-binding method of Bradford (1976) . One unit of calpain activity was defined as the amount of enzyme that caused a calciumdependent increase of .1 unit of absorbance at 595 nm in 30 min at 25'C per gram of protein.
Calpastatin assays were determined as outlined by Nakamura et al. (1988) . Samples of skeletal muscle were homogenized with a Polytron (.4 x maximum speed; 30 to 40 s) in five volumes of icecold Tris-HCl(20 mM; pH 7.5) containing 5 mM EDTA. Homogenates were centrifuged at 10, OOO x g for 20 min at 4'C. Supernatants were heated at 1 W C for 10 min to inactivate endogenous calpains and other proteases. After heat treatment, the supernatant was centrifuged at 10, OOO x g for 10 min at 4'C. Aliquots of the supernatant were added to partially purified stock sheep muscle calpain II (3 units) containing 2 mM CaCl2 and incubated at 25'C for 5 min. Following this, hydrolysis of casein was assessed as outlined for calpain assays. One unit of calpastatin was defined as the amount that inhibited 1 unit of sheep muscle calpain II.
Muscle samples from newborn, weaned, and market lambs were colIected in March, June, and September of 1988, respectively. Calpain and calpastatiu activities were determined in June of 1990 following storage at -9o'C.
Total muscle protein content was determined according to the method of Bradford (1976) using BSA as a standard. Calpain and calpastatin activities are expressed on a total muscle protein basis. Muscle RNA content was determined using the method of M m and Reck (1969).
Statistical Analyses. D a t a were examined for homogeneity of variance and for a normal distribution in an initial statistical analysis. Transformations of the data were not required. Differences among the five experimental groups were assessed using analysis of variance. Data were analyzed as a completely randomized design. Individual treatment differences were subsequently examined with a Tukey's multiple range test (Steel and Tome, 1980) .
Results
Slaughter weights of newborn lambs, weaned wethers, weaned rams, market-weight wethers, and market-weight rams are shown in No differences in muscle RNA or protein concentrations were detected between rams and wethers (Table 3) ; however, RNA concentration in muscle taken from weaned and market lambs was lower (P < .05) than that in muscle taken from newborn lambs. Protein concentrations increased 23 to 39% in weaned and market animals compared with neonates (P < .05). No differences in calpain or calpastatin specific activities were detected for wethers vs rams in the weaned and market lamb groups. However, calpain II and calpastatin specific activities in weaned and market groups were approximately 30 to 45% less (P < .05) than activities expressed in newborn lambs. Calpain I activity in weaned and market lambs was approximately 25 to 30% less than activity of calpain I expressed in newborn lambs.
Dlscusslon
Muscle calpain 11 activity exceeded activity of calpain L These observations are in agreement with those of other workers (Higgins et al., 1988; Forsberg et al., 1989; Kretchmar et al., 1989 (Ou and Forsberg, 1990) . As in sheep, attenuation of activities (units/gram of protein) of these proteins in rabbits was completed by weaning and was, in part, caused by accumulation of muscle proteins. Nakamura et al. (1988) reported that rat muscle calpastatin activity did not change during aging. However, their rats were older (6, 12, and 24 mo), and the neonatal losses of calpastatin activity noted in this study would not have been detected.
Because calpains may play an important role in myofibrillar protein degradation, we propose that the loss of calpain specific activity underlies or contributes to age-related changes in fractional rates of muscle protein degradation.
Koohmaraie (1990) reported that calpastatin activity declined during storage at -70'C but that calpain activities were unchanged. In our study, tissues taken from newborn animals were stored at -9o'C longer than tissues taken from market-weight animals. Although we did not examine effects of storage duration on calpain and calpastatin activities, it is unlikely that differential storage duration accounted for the a g e d e p d m t differences in calpain or calpastatin activities, because losses of their activities during storage would have decreased differences between muscle samples taken from young vs older animals, rather than contributing to them. Hager and Kalkoff, 1989). Because of this and because calpain activity may be an important determinant of myofibrillar protein degradation, we had expected that castration would increase calpain activities or reduce calpastatin activity. However, castration did not affect activities of these proteins, and we conclude that either muscle protein degradation was unaffected by castration or, if degradation was affected, it was not associated with changes in muscle calpain or calpastatin activities.
implications
Age-dependent attenuation of muscle calpain and calpastatin activities may underlie or contribute to age-related changes in muscle protein turnover and muscle growth. Although castration effected an increase in muscle growth, it did not affect growth by changing calpain or calpastatin activities.
